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Soft multi-photon radiation from hard higher energy reaction sources can be employed to describe
three major well established properties of biophoton radiation; Namely, (i) the mild radiation in-
tensity decreases for higher frequencies, (ii) the coherent state Poisson counting statistics, and (iii)
the time delayed luminescence with a hyperbolic time tail. Since the soft photon frequencies span
the visible to the ultraviolet frequency range, the hard reaction sources have energies extending into
the nuclear transmutation regime.
PACS numbers: 07.50.Qx, 07.57.-c, 42.62.Be
I. INTRODUCTION
Biophotons refer to a certain kind of radiation emitted
by virtually all living systems[1, 2]. The photons are
emitted in the range from the visible to the ultraviolet,
say
2.5× 1014 Hz <
( ω
2pi
)
< 1015 Hz. (1)
The spectrum of emitted biophotons may be described
by the spectral distribution per unit frequency per unit
time per unit area,
d3N
dωdtdA
≡
d2N˙
dωdA
, (2)
and with a measured range of total biophoton radiation
rates per unit area
100
1
sec cm2
<
(
dN˙
dA
)
< 105
1
sec cm2
. (3)
The detailed rates depend on the biological sample being
measured.
Our purpose is to provide evidence that the biopho-
tons are a soft photon radiation signature of hard higher
energy nuclear transmutations in biological systems. Bio-
photons are thereby a potentially useful probe of those
biological tissues which exhibit significant nuclear reac-
tions.
A. Biophotons Are Not Thermal
The biophoton distribution is surely not what might
be expected from Planck thermal radiation
λT =
2pih¯c
kBT
,
n¯(ω) =
1
eh¯ω/kBT − 1
,
λ2T
(
d2N˙
dωdA
)
T
=
(
h¯ω
kBT
)2
n¯(ω) (Thermal). (4)
The exponentially infinitesimal mean number n¯ of ther-
mal photons in the experimental range Eq.(1) is far too
small at biological temperatures to produce the observed
biophoton radiation distribution. The counting statis-
tics of the observed biophotons are also surely not what
would be expected from a thermal Planck-Einstein count-
ing distribution. For electromagnetic modes labeled by
the index k, the thermal Planck-Einstein photon count-
ing statistics obey
PT [n] =
∏
k
[
1
1 + n¯k
(
n¯k
1 + n¯k
)nk]
,
n¯k = n¯(ωk). (5)
B. Experimental Biophotons
The experimental situation is as follows: (i) The spec-
tral distribution of biophotons is a gently decreasing func-
tion of frequency[1–3], say inversely with frequency
(
d2N˙
dωdA
)
≈
cν
ω
, (6)
wherein ν is the effective density per unit volume of bio-
photon sources. (ii) The counting statistics is of the Pois-
son type[4, 5],
P [n] ≈
∏
k
[
n¯nkk e
−n¯k
nk!
]
. (7)
2FIG. 1: Shown is the theoretical prediction for the time de-
layed luminescence Γ(t) versus time t for the model Eq.(8).
For the soft photon general case, there is a hyperbolic time
tail Γ(t) ∼ (2β/t) for t≫ τ wherein τ is the initial rise time.
(iii) Biophotons exhibit time delayed luminescence[6–8].
Such delays give rise to a time dependent transition rate
with a hyperbolic long time tail; e.g.
Γ(t) ≈
2βt
τ2 + t2
, β = coupling strength, (8)
plotted in what follows in FIG.1 and which is inconsistent
with simple “exponentential decay” emission processes.
Eq.(8) will be derived in Sec.IV.
C. Soft Photon Radiation
It will be shown in what follows that soft multi-photon
radiation from hard high energy reaction sources obeying
∆E ≫ h¯ω (9)
allow for an explanation of all three experimental prop-
erties in Eq.(6), (7) and (8). Given the frequency range
of biophotons in Eq.(1), the hard high energy scale ∆E
of the sources in Eq.(9) approach those of nuclear trans-
mutations in biological systems. This forms the basis of
the theoretical explanation of biophotons being proposed
in this work.
II. BIO-NUCLEAR TRANSMUTATIONS
We here review some extensive experimental literature
on biological systems which describe nuclear transmuta-
tions. No detailed theory is given for how biological sys-
tems allow for reactions at nuclear energies beyond the
statement that such large energy transformations involve
collective energies of many collectively acting electrons.
Many electrons dumping their individually smaller ener-
gies into a single high energy nuclear reaction may con-
tribute to a nuclear transmutation process with plenty of
available biophysical energy.
Due mainly to the lack of a clear and detailed biophys-
ical theory of nuclear transmutations, the experimental
data is considered by some to be controversial. The
present lack of a biophysical theory of how the collective
energy of many degrees of freedom is focused on a few
nuclear transmutation events by no means reflects badly
on the reliable experimental data which clearly indicates
nuclear transmutations. Reports of specific nuclear re-
actions which have not actually been directly observed
also contribute to the controversy. If one does not report
that which has not been directly and clearly observed,
then what remains is considerable quality experimental
data in favor of biophysical nuclear transmutations.
Pioneering experimental work on biological nuclear
transmutations were carried out by Kervran[9]. Crabs,
shellfish and crayfish have shells made largely of cal-
cium. Often these animals molt, i.e. lose their shells
and then create new shells. Typically, a crab of size ∼
17 cm× 10 cm is covered by a shell of weight ∼ 350 gm.
During molting, these animals stay away from each other
since they are vulnerable. It is unlikely that calcium
could be passed between different animals during mult-
ing. In the entire body of a crab there is only enough
calcium to produce ∼ 3% of a shell taking into account
the calcium carbonate stored in the hepato-pancreas just
before molting. In about a day, such a crab will grow a
new shell. In water completely devoid of calcium, shell-
fish can still create their calcium-bearing shells as shown
by an experiment performed at the Maritime Labora-
tory of Roscoff[10]. A crayfish was put into a sea water
basin from which calcium carbonate had been removed
by precipitation. The animal made a new shell anyway.
Chemical analysis made on animals secreting their shells
has revealed that calcium carbonate is formed on the
outer side of a membrane. On the opposite side of the
membrane, there is no calcium[10]. The detailed nuclear
transmutation source of the calcium is unknown. Possi-
bilities have been conjectured.
Normal egg shells produced by hens contain calcium.
Hens were confined in an area in which there was no
source of calcium and no calcium was present in their
diet[11]. The calcium deficiency became clearly mani-
fested after a few days. Eggs with soft shells were laid.
Purified mica containing virtually no calcium was fed
to the hens. The hens jumped on the mica and began
scratching around it very rapidly, panting over it; then
they rested, rolling their heads on it, threw it into the
air, and began scratching it again. The next day eggs
with normal shells (≈ 7gm) were laid. An experiment
of this kind, using the same mica, was undertaken with
guinea-fowls over a period of forty days[11]. The admin-
istering of the mica was suspended three times and each
time soft-shelled eggs were laid. It was suggested that the
calcium in the egg shells was borrowed from the bones
3of the hens. The question of why soft eggs were laid
when the mica was withheld remained unanswered. The
detailed nuclear transmutation source of the calcium is
again unknown.
A number of different families of microorganisms, such
as Aspergillus Niger and Saccharomyces Cerevisiae, cre-
ate potassium during growth[12, 13]. There has also been
a failure of balance measurements to predict actual re-
tention of magnesium and calcium by rats. These were
determined by direct carcass analysis[14]. Although bio-
logical nuclear transmutations have certainly taken place,
the detailed reactions involved are presently unclear.
Bacterial cultures can have effects on nuclear reaction
rates. Measurements of the mercury nuclear weak decay,
203
80 Hg →
203
81 T l+ e
− + ν¯, (10)
yield a half life of 46.6 days. When such nuclei, embed-
ded in HgCl2 molecules, are placed into a microbiologi-
cal culture, the weak decay rates are severely reduced[15]
indicating other branches of nuclear transmutation reac-
tions.
The bacterial culture Deinococcus Radiodurans com-
fortably lives, multiples and does not mutate under the
intense radiation which does considerable damage to
many inanimate condensed matter systems. These bacte-
ria can live within a nuclear reactor. The detailed mech-
anism for such a possibility is unknown. However, the
metals within such bacteria can shield radiation with suf-
ficient surface plasma excitations associated with weak
interaction transmutations.
Finally, it has been experimentally shown[16], employ-
ing the Mo¨ssbauer effect, that changes in the expected
isotope concentrations of 5726Fe and
55
25Mn exist within
growing microbial cultures. However, as an example of
unfortunately reporting results beyond what is actually
observed, we point out the final report[16] that the strong
interaction fusion was observed; i.e.
p+ + 5525Mn→
55
26Fe (strong fusion). (11)
We find it more likely that the reaction sequence takes
place in the form
e− + p+ → n+ ν (weak electron capture),
n+ 5525Mn→
56
25Mn (strong neutron capture),
56
25Mn→
55
26Fe+ e
− + ν¯ (weak beta decay). (12)
Altogether,
e− + p+ + 5525Mn→
55
26Fe+ e
− + ν + ν¯, (13)
with the final state neutrinos as the signature of a weak
process. The experiment in and by itself does not dis-
tinguish between Eq.(11) and Eq.(13) and so we pre-
fer workers not to report what they have not directly
observed. The experimental data, however, remains of
central importance as clear evidence of biological nuclear
transmutations.
III. SOFT PHOTONS
Soft photon emission from a charged particle scatter-
ing event are those photons radiated into coherent states
which emerge from currents classical to a sufficient de-
gree of accuracy[17, 18]. As a consequence of these clas-
sical current sources, soft photons have Poisson counting
statistics[19] as in Eq.(7).
Consider a particle with charge e scattering off a fixed
target with acceleration
a(t) = (vf − vi)δ(t) (14)
wherein vi and vf are, respectively, the initial and final
velocity and the delta function is implicitly spread out in
time by the duration time τ of the scattering event. The
classical radiated energy is given by
Erad =
2e2
3c3
∫
|a(t)|2dt,
Erad =
(
2e2|vf − vi|
2
3c3
)
δ(0),
Erad =
(
2e2|vf − vi|2
3pic3
)∫
∞
0
dω.
Erad =
∫
∞
0
h¯ωdN(ω). (15)
If dN(ω) is the number of photons radiated into a band-
width dω, then Eq.(15) reads
dN(ω) =
2
3pi
(
e2
h¯c
) ∣∣∣∣ |vf − vi|c
∣∣∣∣
2
dω
ω
. (16)
For more general scattering events or decays, the distri-
bution of emitted photons obeys
dN(ω) = β(ω)
dω
ω
with 0 < β ≡ lim
ω→0
β(ω) <∞. (17)
For charged particle scattering, Eq.(16) implies
β =
2α
3pi
∣∣∣∣ |vf − vi|c
∣∣∣∣
2
, (18)
wherein α = (e2/h¯c). The case of beta decay for the
neutron
n→ e− + p+ + ν¯ yields β =
2α
3pi
∣∣∣∣v+ − v−c
∣∣∣∣
2
. (19)
For a given nuclear reaction, the rules for calculating the
quantum electrodynamic beta function β(ω) in Eq.(17)
are well known. Thus, the first biophoton experimen-
tal Eq.(6) is explained by nuclear transmutations. The
second biophoton experimental Eq.(7) is also explained
by nuclear transmutations since classical currents im-
ply Poisson statistics. The third biophoton experimental
Eq.(8) can be derived but the details are a bit more subtle
as will be shown below.
4IV. TIME DELAYED LUMINESCENCE
In order to understand time delayed bursts of soft pho-
tons, one may consider the general rules of quantum me-
chanics concerning the notion of the decay of a quantum
state.
A. Survival Amplitudes
In the general theory, let us suppose a quantum state Ψ
is present at time zero for a system with Hamiltonian H .
At time t the state will then be e−iHt/h¯Ψ. The amplitude
that the state Ψ survives for a time t is then
S(t) =
(
Ψ, e−iHt/h¯Ψ
)
. (20)
The survival probability that the state Ψ exists at time
t is the absolute value squared of the survival amplitude
squared,
P (t) = |S(t)|2 ≡ e−η(t). (21)
The transition rate per unit time Γ(t) for a transition
away from the state Ψ is
Γ(t) = η˙(t) = 2ℜeχ˙(t),
wherein S(t) ≡ e−χ(t). (22)
The special case, Γ(t) ≈ Γ = const., leads to an exponen-
tial decay in the survival probability P (t) ≈ e−Γt. For
the general case, there are time variations in Γ(t) and
P (t) = exp
(
−
∫ t
0
Γ(s)ds
)
. (23)
Formally, the survival amplitude of a quantum state is
related to the energy probability density distribution of
that state,
ρ(E) = (Ψ, δ(E −H)Ψ) , (24)
via the Fourier transform
S(t) =
∫
ρ(E)e−iEt/h¯dE ≡ e−χ(t). (25)
Eq.(25) follows from Eq.(20) and Eq.(24). Let us now
consider the implications of these general results for the
emission of soft photons.
B. Photon Emission Rates
For a state with nk photons in mode k, the probability
density in energy is given by
ρ(E) =
〈
δ

E −∑
j
h¯ωjnj


〉
,
ρ(E) =
∑
[n]
(∏
k
[
n¯nkk e
−n¯k
nk!
])
δ

E −∑
j
h¯ωjnj

 , (26)
wherein Eqs.(7) and (24) have been invoked. Eqs.(25)
and (26) imply
e−χ(t) =
∑
[n]
(∏
k
[
n¯nkk e
−n¯ke−inkωkt
nk!
])
,
χ(t) =
∑
k
n¯k
(
1− e−iωkt
)
. (27)
The number of photons dN(ω) emitted into a band width
dω is given by
dN(ω) =
[∑
k
n¯kδ(ω − ωk)
]
dω. (28)
Thus
χ(t) =
∫
∞
0
(
1− e−iωt
)
dN(ω). (29)
The transition rate per unit time for these soft photons
follows from Eqs.(22) and (29); It is
Γ(t) = 2
∫
∞
0
ω sin(ωt)dN(ω),
Γ(t) = 2
∫
∞
0
β(ω) sin(ωt)dω.
β(ω) =
1
pi
∫
∞
0
Γ(t) sin(ωt)dt. (30)
The above Eq.(30) is the central result of this section re-
lating the time delayed luminescence Γ(t) to the quantum
electrodynamic beta function β(ω).
As an example of such β(ω) integrals in Eq.(30), let us
consider the exponential “cut-off” model
β(ω) = βe−ωτ ⇒ Γ(t) =
2βt
τ2 + t2
, (31)
as in Eq.(8) and plotted in FIG.1.
In the general case there is a rise time τ after which
there is a slow hyperbolic decay in the time delayed lu-
minescence Γ(t) of the form
Γ(t) ≈
2β
t
for t≫ τ. (32)
From Eq.(30) follows the rigorous limits
lim
t→∞
tΓ(t) = 2 lim
ω→0+
β(ω) = 2β. (33)
Eq.(33) completes our discussion of soft photon hyper-
bolic time delayed luminescence.
V. CONCLUSION
We have shown that soft multi-photon radiation from
hard higher energy reactions sources can be employed
5to describe the three major well established properties
of biophoton radiation. Since the soft photon frequen-
cies span the visible to the ultraviolet frequency range,
the hard reaction sources have energies extending into
the nuclear transmutation regime. Thus, the biophotons
serve as a valuable clue as to which biological systems
exhibit a large number of nuclear transmutations.
[1] F.A. Popp, et. al., Experientia 44, 543 (1988).
[2] F.A. Popp, et. al., Mod. Pjys. Lett. B8, 1269 (1994).
[3] F.A. Popp, et. al., Coll. Phenomena 3, 187 (1983).
[4] X. Shen, Experientia 49, 291 (1993).
[5] B. Ruth, F.A. Popp, Z. Naturforsch. 31C 741 (1976).
[6] B.L. Strehler and W. Arnold, J. Gen. Physiol. 34 809,
(1951).
[7] K.H. Li and F.A. Popp,Phys. Lett. A 93, 252 (1983).
[8] F.A. Popp and Y. Yan Phys, Lett. A 293, 93 (2002).
[9] C.L. Kervran, “Biological Transmutation”, Swan House
Publishing Company, New York (1972).
[10] C.L. Kervran, op. cit. p58.
[11] C.L. Kervran, op. cit. p41.
[12] H. Komaki, “Sur la formation de sels de potassium par
differentes familles de microorganismes dans un milieu
sans potassium.”, Revue de Pathologie Comparee, Paris,
(1965).
[13] H. Komaki, “Production de proteines par 29 souches de
microorganismes et augmentation du potassium en milieu
de culture sodique, sans potassium.”, Revue de Patholo-
gie Comparee, Paris, 1967.
[14] O. Heroux, and D. Peter, Journal of Nutrition 105, 1157
(1975).
[15] T.L. Magos and T.W. Carkson, Brit. Journ. of Indust.
Med. 294, October 1964.
[16] V.I. Vysotskii and A.A. Kornilova, “Nuclear Fusion and
Transmutation of Isotopes in Biological Systems”, MIR
publications, Moscow (2003).
[17] E. Etim, G. Pancheri and B. Touschek, Il Nuovo Cimento
51 B, 276 (1967).
[18] T.W.B. Kibble, J. Math. Phys. 9, 315 (1968).
[19] J.R. Klauder and E.C.G. Sudershan, “Fundimentals of
Quantum Optics”, Chapters 7 and 8, Dover Publications,
New York (2006).
